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a Subscript X indicates CO 2 atoms Table S5 . Bond angles (°) for CO 2 -loaded α-Zn 3 (HCOO) 6 . a Errors are given in parentheses. 
a Subscript X indicates CO 2 atoms S11 Table S6 . Torsion angles (°) for CO 2 -loaded α-Zn 3 (HCOO) 6 . Errors are given in parentheses.
O1-C1-O2-Zn4 -21.9(7) O7-C4-O8-Zn3 6.4 (7) Zn1-O3-C2-O4 7.7(6) Zn1-O9-C5-O10 -14.2(7) a Data acquired from reference 1. Figure S1 . ORTEP drawing of the asymmetric unit of CO 2 -loaded α-Zn 3 (HCOO) 6 at 120 K. Ellipsoids are at the 50% probability level and hydrogens were drawn with arbitrary radii for clarity. 67 Zn SSNMR experiments were performed at the National Ultrahigh-Field NMR Facility for Solids (www.nmr900.ca) using a Bruker Avance II NMR spectrometer (B o = 21.1 T, ν o ( 67 Zn) = 56.29 MHz). The static experiments were performed using a home-built 7 mm single-channel static probe. The magic-angle spinning (MAS) experiment was performed using a 4 mm Bruker H/X low gamma MAS probe. For all experiments, external chemical shift referencing and pulse calibration were performed using a 1.0 M aqueous Zn(NO 3 ) 2 solution (δ iso = 0 ppm). All spectra were recorded using a central-transition selective π/2 pulse width of 3 μs, which was determined by scaling the non-selective pulse length by 1/(I + 1/2) where I = 5/2 for 67 Zn.
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The static SSNMR spectra were acquired for the as-made, activate, CO 2 -loaded and CO-loaded MOFs using a solid echo pulse sequence (i.e., π/2 -τ 1 -π/2 -τ 2 -acquire) with an inter-pulse delay (τ 1 ) of 67 μs. For the as-made sample, the recycle delay was set to 0.25 s and 32 k scans were recorded. For the activated, CO 2 -loaded and CO-loaded samples, a recycle delay of 1 s was used and 64 K scans were acquired. MAS experiment was also conducted on the as-made sample. A spinning speed of 15 kHz was employed, and the spectrum was obtained using a solid echo pulse sequence (i.e., π/2 -τ 1 -π/2 -τ 2 -acquire). An inter-pulse delay (τ 1 ) of 63.6 μs was used. The recycle delay was set to 0.25 s, and 576 k scans were collected. Data were processed using TopSpin 2.1. The recorded FIDs were left-shifted to the echo maxima when needed.
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Computational Details
67 Zn magnetic shielding and electric field gradient (EFG) tensors were calculated via the guageincluding projector-augmented wave (GIPAW) method using the NMR module of the CASTEP software package 2-5 (version 4.4). The unit cell parameters and atomic coordinates were obtained from the crystal structure of α-Zn 3 (HCOO) 6 ·1/3HCO 2 H. 6 The solvent molecules were removed, and the resulting structure was geometry optimized by CASTEP. Two types of geometry optimization were performed: (a) the positions of all atoms are optimized and (b) the positions of the linker atoms are optimized and the positions of the metal centers were held fixed. For both geometry optimizations, the generalized gradient approximation functional of Perdew, Burke and Ernzerhof (GGA-PBE) was employed. "Ultrasoft" pseudopotentials, a plane-wave cutoff energy of 294 eV and a (1 x 1 x 1) k-point grind were used. The resulting optimized structures were used as inputs for the NMR calculations of the 67 Zn magnetic shielding EFG tensors. A plane-wave cutoff energy of 294 eV, a (1 x 1 x 1) k-point grind, and "ultrasoft" pseudopotentials generated by the on-the-fly method were employed. The calculated isotropic magnetic shielding values (σ iso ) were converted into isotropic chemical shift (δ iso ) values using the relation: δ iso [ppm] = 1831.67 ppm -σ iso [ppm] , where 1831.67 ppm is the absolute shielding for an infinitely dilute 67 Zn 2+ ion in D 2 O at 303 K. 7-9 A nuclear quadrupole moment of 122 mb was used to generate the calculated quadrupolar coupling constants (C Q ). 10, 11 The Euler angles between the magnetic shielding and EFG tensors were visualized using MagresView 12 and the theoretical 67 Zn SSNMR spectra were plotted using WSolids. 13 To probe the local environment of the metal centers and the effect of adsorption of guest species on the Zn local structures, static 67 Zn SSNMR experiments were performed for the as-made, activated, COand CO 2 -loaded α-Zn 3 (HCOO) 6 ( Figure S2 ). The spectra of the four samples look identical, suggesting that the presence of guest species inside the framework does not significantly alter the local Zn environments. This result is consistent with the crystallographic studies which show the Zn local geometry in as-made, the CO 2 -loaded and activated frameworks are very similar. Furthermore, the crystal structures of the asmade, activated, and CO 2 -loaded α-Zn 3 (HCOO) 6 indicate that there are four crystallographically inequivalent Zn sites in each phase with very similar local environments. This agrees with the observed 67 Zn spectra, which contain multiple 67 Zn signals severely overlapping with each other. No attempt was made to separate the individual resonances from different site via spectral simulation. For as-made α-Zn 3 (HCOO) 6 , 67 Zn MAS spectrum was also acquired. Only a relatively narrow signal was observed, confirming that the four Zn sites have very similar local structures.
To better understand the observed 67 Zn spectra, 67 Zn SSNMR parameters were calculated for the activated MOF by the DFT method. Two geometry optimized structures were used for calculation: (a) the positions of all atoms are optimized and (b) only the positions of the linker atoms are optimized and the positions of Zn atoms were held fixed. The calculated 67 Zn NMR parameters are summarized in Table S9 . For both structures, the absolute quadrupolar coupling constants (|C Q |s) for the four crystallographically inequivalent Zn were calculated to be within the range of ca. 4 to 8 MHz. The calculated asymmetry parameters (η Q ) were non-zero, consistent with the fact that none of the Zn lies on an n-fold rotation axis (n ≥ 3). There are also small, but non-negligible chemical shift anisotropy (CSA) for each site. The calculations suggest that the observed static 67 Zn spectra are mainly dominated by the second-order quadrupolar interaction with a minor contribution from the CSA.
The calculations based on the structure (a) indicate Zn1 and Zn2 have smaller C Q values, whereas the structure (b) predicts that Zn1 has the largest C Q . Comparisons of the theoretical static and MAS spectra with the experimental ones suggest that the calculated 67 Zn spectra based on structure (b) match the observed spectra slightly better. This implies that the geometrically optimized structure involving only the linker atoms more closely resembles the real structure. It appears that the broad "feet" in the static spectrum of the activated phase with a breath of ca. 50 kHz is due to Zn1. Table S9 . The calculated 67 Zn EFG and chemical shift (CS) tensor parameters, and the Euler angles (α, β, γ) describing the orientation of the CS and EFG principal axis systems for the four crystallographically inequivalent Zn atoms (Zn1, Zn2, Zn3 and Zn4) in the activated α-Zn 3 (HCOO) 6 MOF. a
Geometry Optimization Performed on
All Atoms a δ iso (ppm) -109 a The input structure was obtained from the unit cell parameters and atomic coordinate of α-Zn 3 (HCOO) 6 ·1/3HCO 2 H. 6 The solvent molecules were removed, and the positions of all atoms were geometry optimized.
b The input structure was obtained from the unit cell parameters and atomic coordinate of α-Zn 3 (HCOO) 6 ·1/3HCO 2 H. 6 The solvent molecules were removed, and the positions of the linker atoms were geometry optimized. Figure S2. (a and b) The theoretical static 67 Zn SSNMR spectra of activated α-Zn 3 (HCOO) 6 shown as summations (black trace) of the Zn1 (red trace), Zn2 (gray trace), Zn3 (brown trace) and Zn4 (blue trace) resonances. (a) was acquired after geometry optimizing the positions of all atoms, while (b) was acquired after geometry optimizing the positions of the linker atoms. The calculated EFG and CS tensor parameters are also provided in Table S9 . The experimental static 67 Zn SSNMR spectra of (c) activated, (d) CO 2 -loaded, (e) CO-loaded and (f) as-made α-Zn 3 (HCOO) 6 acquired at 21.1 T. Figure S3 . Theoretical (a and b) and experimental (c) 67 Zn SSNMR spectra of as-made α-Zn 3 (HCOO) 6 . (a) was acquired after geometry optimizing the positions of all atoms, while (b) was acquired after geometry optimizing the positions of the linker atoms. The experimental spectrum was acquired at 15 kHz and 21.1 T. Figure S4 . The local pore structure of CO 2 -loaded α-Zn 3 (HCOO) 6 , as viewed from different perspectives. (a) Shows the distances between the carbon of the CO 2 and the closest framework oxygens, while (b) shows the distance between one of the oxygens (O1) of CO 2 and two closest framework hydrogens (H2 and H4). Carbons are grey, oxygens are red, hydrogens are white and [ZnO 6 ] units are depicted as purple octahedra. Errors associated with the distances are provided in parentheses. Table S10 . The apparent 13 C CS tensor parameters (δ iso , Ω and κ) and motional angles (α and β) of CO 2 adsorbed in α-Zn 3 (HCOO) 6 at temperatures ranging from 123 to 433 K. The CS tensor parameters were obtained from analytical simulations, and the angles were acquired from motional simulations. All motions occur at rates on the order of magnitude of ca. ≥ 10 7 Hz in the considered temperature range. Table S11 . The observed 13 C CS tensor parameters (δ iso , Ω and κ) and motional angles (α and β) of CO adsorbed in α-Zn 3 (HCOO) 6 at various temperatures (T = 173 to 433 K). The 13 C CS tensor parameters and the motional angles were obtained from analytical and motional simulations, respectively. All motions occur at rates on the order of magnitude of ca. ≥ 10 7 Hz in the experimental temperature range. Table S10 . Tables S10 and S11 . Figure S8 . Experimental PXRD patterns of as-made (red trace) and activated (blue trace) α-Zn 3 (HCOO) 6 and the corresponding theoretical PXRD patterns (black trace for activated, green trace for as-made) constructed using previously reported crystal structures. 1
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The Influence of Temperature on the Motional Rates of CO 2 in α-Zn 3 (HCOO) 6 Figure S9 shows the spectra simulated for CO 2 in α-Zn 3 (HCOO) 6 using a wobbling angle of 47.5° and a hopping angle of 40.0°. The simulated spectrum using rates of ca. ≥ 10 7 Hz for both motions is in excellent agreement with the experimental spectrum acquired at 433 K (see Figure 4) . Thus, CO 2 undergoes a 47.5°
wobbling and a 40.0° hopping at rates of ca. ≥ 10 7 Hz at 433 K. A decrease in temperature can result in a decrease in motional rates; however, we were unable to reproduce the experimental spectra acquired at T < 433 K using the same motional angles at slower motional rates. The experimental spectra were only successfully reproduced when the motional angles were varied with the motions occurring at ca. ≥ 10 7
Hz. Thus, a decrease in temperature results in a change in the motional angles instead of motional rates. Figure S9 . Static 13 CO 2 SSNMR spectra modelled using different motional rates. (a) The wobbling and hopping rates were varied from 0 to 10 8 Hz. (b) The hopping rate was fixed at 10 7 Hz while the wobbling rate was varied from 0 to 10 8 Hz. (c) The wobbling rate was fixed at 10 7 Hz while the hopping rate was varied from 0 to 10 8 Hz. Note in (a), (b), and (c), no change in lineshape was observed at rates ≳ 10 7 Hz. All spectra were simulated using a wobbling angle of 47.5° and a hopping angle of 40.0°.
